2 Animals exposed to hypoxia, triggers a physiological response via Hypoxia Inducible Factors (HIF1). In this study, we have evidenced the existence of genetic events that caused the loss of most of the bHLH domain in HIF1A proteins borne by Alpaca and other members of the Cetartiodactyla superorder. In these truncate domains, some stop codons are found at identical nucleotide positions in both, Artiodactyls and Cetaceans, indicating that mutations originating the truncated domains occurs before their divergence about 55 million years ago. The relevance of this findings for adaptation of Alpacas to hypoxia of high altitude conditions are discussed.
sequences, 3 are L and 1 S, or the Phca sequences (2 L and 1 S) and Baac sequences (1L and 1 S).
In a characteristic HIF1A protein, four domains are present. A basic Helix-Loop-Helix amino-terminal domain (bHLH), is followed by two PER-ARNT-SIM domains (PAS) and then by two transactivation domains, one NH2-terminal domain and one COOH-terminal domain. In the set of sequences that we have analyzed, we have realized that the short sequences differ from the long ones, in that they are devoid of most of the bHLH domain. In fact, only the second helix region is present.
In the long type, the entire bHLH domain contained 50 amino acids, while the short type contains only 13 residues. Thus, in the short, only amino acids corresponding to the second helix region are present (numbering according to Zhou et al.1997) .
Sequence analysis at the DNA level allows getting an insight into the genetic events that generated the short HIF1A proteins. The alignment of the sequences is shown in Figure 2 and in the Supplementary B section. In Figure 2 the alignment include the full bHLH domain of 15 representative HIF1A protein sequences. In the Supplementary B section, the whole set of the 34 full length bHLH domain sequences is included. In the alignment, the conserved sequence CGAAAAGAG in position 37-39, encodes for the first 3 residues (RKE in Figure 1 ), of the bHLH domain of HIF1A proteins. Although the next 5´upstream 16 positions are also well preserved, then the sequences are segregated into two clusters. One of the clusters, in which all short sequences are grouped, is distinguish from the other group in having a high nucleotide variability and been very Thymine rich at its 5´end. also show a TAA stop codon, but this is located 27 codons upstream of one detected in the previous seven ones. All three camelids sequences are almost identical each other which indicate that their differentiation with the rest of the sequences occur during the 40-45 Millions year of evolution in the plains of North America and before the separation of North and South American camelids, which occurs some 3 Mya, Wheeler, 2012). The short Bibi sequence is also 5´thymine rich and also contain a stop codon, but this is instead TAG and is located 4 codons upstream of the TAA in sequences at the top of Figure 2 . Finally, the S type Live sequence is similar to all other short sequences in having both the TAA stop codon and in being Thymine rich at its 5´end. A particular feature of the sequence is the fact that it shows at the 5´end some similarities with the three of the long sequences Ovar, Bibi and Bogr. Taking this similarity into account, we can speculate that perhaps the original mutation originating the bHLH pseudogene could have occurred in a long sequence which was rich in thymine at its 5´end.
A phylogenetic tree based on bHLH nucleotide sequences shows that they are grouped with two exceptions, into two major clades depending on whether they are derived from coding sequences for long or short HIF1A proteins (Figure 3 ). In one of the clades are found all but one of the long sequences. In the other clade are found all but one of the short sequences. The exceptions are L Paho and the S Live sequences, which incongruous locations can be explained by their differences at a stretch from codon 20 to 30 in the alignment.
In the clade of the long sequences, three different branches can be found. In the first are all Bovidae sequences, such as Bota and Ovar and one of the two sequences of Paho. The second branch contains the long sequences derived from the Camelidae Caba, the Cervidae Neas, the Suidae Susc and all the long sequences derived from cetaceans. In a third branch are the 5´Thymine rich long Bovidae Ovar, Bibi and Bogr sequences and the incongruous Lipotidae Live short sequence. In the clade of the short sequences, two main branches can be found.
One contains the Camelids, Cadr, Cafe and Vipa, the Bovids Bibi and the incongruous Paho long sequence. The others are all the seven sequences described above.
Initial studies by Reisz-Porszasz et al. (1994) showed that cutting the bHLH domain does not affect the dimerization and nuclear translocation of HIF1A, but it diminished its binding to DNA, impelling the normal hypoxic response. Further studies have corroborated these conclusions (Semenza et al.1997; McGuire et al. 2001; Huang et al. 2012) . Then, according to these findings, we conclude that the hypoxic-response in Alpacas is diminished due to the adaptive loss of part of bHLH domain of HIF1A proteins. Consequently, Alpacas are genetically adapted to live in a low oxygen tension environment, without the negative consequences of a full hypoxic response, such as AMS and CMS. Interestingly, we have found that the absence of most the bHLH domain in the HIF1A protein of the only South American camelid included in the present study, also seems to exist in other members of the Cetartiodactyla superorder. Thus, in addition to the Alpaca, truncated bHLH domain in HIF1A proteins, are also possible to be found among goats, old world camelids and cetaceans. The main conclusion of this finding is that the mutation(s) that gave rise to truncated bHLH domains in some Cetartiodactyla HIF1A proteins, occurred around 55 Mya, before the divergence of Artiodactyla and Cetaceans Gingerich & Uhen (1998 1   11  21  31  41  51  61  71  81  91  101  111  NP_001116596.1_Susc_L  ---MEGAGGA NDKKKISSER RKEKSRDAAR SRRSKESEVF YELAHQLPLP HNVSSHLDKA SVMRLTISYL RVRKLLDAGD LDIEDEMKAQ MNCFYLKALD GFVMVLTDDG DMIYISDNVN  XP_007471761. 
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